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Thrs paper exammes chaos and complextty theory, two aspects of the “new scrence” that 

has sought to push beyond the Newtoman SCienhfiC paradigm that contmues to define the 

core of Western scientific mqury 1 Whereas the Newtoman paradigm 1s concerned wtth 

deterrrrrmstrc mechamcs, linear causahty, and reductiomsm, advancements m computers 

and computatronal mathematics. par~cularly over the past 20 or 30 years. have provided 

new tools for the study of non-hnear dynarmc processes. The new science postulates that 

structure and det ermrmstlc rules he burred w&n nonlinear processes that have been 

largely unaccounted for by Newtonian concepts Although sttll open to some srgnrficant 

challenges. the new science represents the potentral for a more profound “paradigm shrfY 

m the Western world view than Alvm and Held1 TofIler’s popularzed formulatron of a 

determnnstrc, technology-drwen. and hrstoncally simphshc “Thrrd Wave” shift from an 

induhd t0 an ILIfOmhOn age. * 

The paper briefly explams the key concepts behmd chaos and complexity theory. looks at 

some of the efforts to apply them to mthtary analysrs. exammes crittcrsms of these 

theones. and draws some nnphcatlons from them for the m&ary m the future. 

Chaos Theory 

Chaos theory IS the developmg sclentrfic study of no&near systems Linear systems are 

depicted by equations which share the charactenstrcs of proportronahty (where changes m 

mput are proportional to changes m output) and ad&tlvlty (m which the whole 1s equal to 

the some of Its parts) Knowmg the mputs means knowmg the output m lmear systems 

even though the equations descnbmg them can be very complex This allows one to 

?redlct or forecast the system’s development In contrast. nonlinear. or chaotic. systems 

are characterized by complex feedback loops and large changes m results based on small 
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changes m mmal condltlons These factors combme to produce events and outcomes that 

do not conform to clear. predictable patterns 

Chaotx systems are nether random nor perrodic They are not random because ther 

futllre 1s dependent upon mmal condmons They are not penodlc because then- behavior 

never repeats Very small differences m llutlal con&hons eventually cause large changes 

m system behavior. Weather IS f&quently used as an example of a chaotic system 

Sensm~ty to mmal condihons 1s sometlfnes popularly referred to as the “buttertly effect,” 

all&g to an fiustrahon provided by Edward Lorenz, one of the pioneers m chaos theory, 

who sad that a butterfly flappmg its wings m one part of the world could lead to a tornado 

thousands of rmles away. 

Although unpredrctable, chaohc systems can also be depicted by a set of equations. Since 

the equahons that govern chaotic systems are no&near, however, they generally are not 

analytzcally soluble. The advent of computer modehng has greatly advanced the 

understanding of nonlinear system dynanucs Essentially. computers have enabled 

sclentlsts to model a chaotic system and then play out future states of the system which 

canpot be predicted beforehand These models reveal the extent to whch mmute changes 

m varmbles (nutlal condltlons) produce larger or smaller changes m future states 

If warfare IS blewed as a chaotic process. chaos theory mdlcates that one cannot predict its 

titure reliably even if one can reduce Its dynarmcs to a set of equations Nevertheless. 

there <bounds to the unpredlctabiity of a chaotic system Chaotic systems are highly 

dependent upon mmal condltrons but not equally so at all tunes Chaos theory provides 

tools that can predict patterns of system behavior and define the bounds w&n which the 

behaklor IS r>redlctable Chaos theory has gn en weather forecasters. for exampie. a means 

to determme If therr forecasts are more or less hkely to be accurate 
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The mathematical equations that descrrbe a chaotic system can be depicted as a “phase 

space.” a plot of the parameters that descrtbe the system’s behavior. Each pomt on the 

plot represents a partrcular state of the system at a par~ular time. A smple example of a 

phase space IS one whch plots the velocity and posmon of a pendulum as rt swmgs The 

longer a chaotic system 1s observed. the messier the phase space plot appears. However. 

the paths taken by a chaotic system tend to trace out a complicated, woven surface that 

strll remams wnhm some bounded regron of its phase space Chaos theorists term the 

cohechon of pomts on thrs woven surface an “attractor’‘--the regrons of phase space that 

attract the system’s dynamrcs 

The sensihve character of chaotic dynamics makes predictmg the long-term behavior of a 

system Impossrble, regardless of how accurately one can measure its current state. 

Nevertheless. tracmg the system’s attractors reveals the relative amount of tune the system 

spends m certam reyons of its phase space and dustrates trends that can at least help m 

predrctmg the future. Attractors indicate whether a chaotic system is m a regron of Its 

phase space where mmal condtttons are crmcal, m whtch case a large number of outcomes 

IS possible, or whether the system IS m a region of Its phase space where mmal condtttlons 

are not crmcal. m which case predrctron of its short-term future IS more hkely 3 

No one has clalmed that chaos theory can be used by Itself to dertve a theory of warfare 

Howe\ er. a number of authors ha\ e argued that war 1s essentrally chaotic. or nor&near. 

and they have made efforts to apply chaos theory to vartous aspects of \\ arfare Mrhtary 

students of chaos theory have suggested. for example. that campaign planners can find 

centers of gravay where nonlmear processes exist m an enemy’s poiitcal. economrc. or 

mlhra~ system By rdentlfylng the “attractors” m this nor&near process. planners ~~111 

know Lshhere an attack IS likely to achieve dlsproportlonately large effects ’ An attractor 
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can also provide key probabtity information to a m&tary declsronmaker on the hkely 

short-term future of an enemy system III many scenanos 5 If the enemy system ts m a 

regon of great uncertamty. chaos theory tmght also help a campaign planner determrne 

which condmons would need to be changed to move the system to a posltion where the 

outcome was more predictable and desnable. 

Chaos theory has also msp~ed a remterpretatlon. or reappreclatlon. of Carl von 

Clausewrtz as a no&near thmker whose ideas remam highly pertment. despite crittcs who 

argue that OnWar 1s essentially outdated and no longer relevant to present or &ture 

warfare. Alan Beyerchen. for example, has demonstrated convincmgly that Clausewitz 

percaved war as a profoundly nonlinear phenomenon, as revealed III & tiusslons of the 

mterplay of chance and probabhty, the effects of tic&on and the fog of war. and the 

dynamtcs of acttmg upon an enemy who IS subject to these same forces and who thmks and 

reacts 6 Other military analysts have potnted out that Clausewttz chooses a qumtessenfiaf 

nonhnear metaphor to illustrate the mteractton of ti famous tnmty--pnmordiaI violence. 

hatred and enrmty. the play of chance and probaInhty, and war’s subordmatlon as an 

instrument of pohcy “Our task,” says Clausew~tz, 9s to develop a theory that maintains a 

balance between these three tendencies. tie an object suspended between three magnets ” 

A pendulum suspended between three magnets 1s one of the elementary physical 

demonstrations of a chaotic system. smce the pendulum’s path 1s nonhnear and 

unpredictable i 

Steven Mann. who calls the lnternatlonai envn-onment “an evqulslte example of a chaotic 

system.” argues that U S rmhtary and national securrty strategy continue to rest heavily on 

a rqechamstlc framework too arbitrary and sunple for the nonlinear processes that are an 

inescapable feature of the complex. mnteractn e mternatlonal system Mann pornts out that 

our views of realq often rest on screntlfic paradigms. and the paradigm that contmues to 
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permeate contemporary Western thought 1s the Newtonian worldvlew iSMe he 

recogmzes the hnxtatlons of any ii-amework. Mann believes that chaos theory 1s umquely 

suited to “provoke us toward reahsttc pohcles 111 an mcessantly changeable age. and 

maugurate the overdue hberatlon of strategic thought ” S 

While one may agree wnh Mann’s eloquent call for a more encompassmg and flexible 

defimtlon of strategy, hi argument raises a central epistemological Issue It remams to be 

demonstrated convmcmgly that the kinds of dynanz patterns (such as the Lorenz curve or 

butterfly effect) ldentxfied m mathematics by apphcahons of chaos theory necessaxAy 

translate automahcdy mto the kinds of dynarmcs that we note m human systems, such as 

socletles or arnnes It may be more probable that human systems map to matenal systems 

only m metaphorical ways. as Mann himself seems to suggest, and that the basic 

typologes common to human or cultural systems need to be thoroughly understood before 

attemptmg to apply (or n~sapply) chaos mathematics to war. intemat~onaI rekihons, or 

other human undertakmgs. 

From Chaos to Compiexity 

Chaos theory also has lost a good deal of the unpetus tt seemed to enjoy a fav years ago. 

when enthusiasts chnned that rt would eventually allow us to comprehend many, Snot 

most, physxal. blologxal. and human phenomena Chaos theory has turned out to apply 

to a restncted set of phenomena that change m unpredictable ways 9 -Moreover. sclentlsts 

workmg on nor&near dynarmcs have moved beyond chaos theory to what has become 

popularly knobn as complevlty theory IMnle chaos theory tells a lot about how certam 

simple rules of behavior can gl\e nse to extremely comphcated dynarmcs and 

unpredictable outcomes. It has nothing to say about the seemmgly memorable growth of 

order and structure m the urnverse--tncludmg the growth of order m human behavior. as 
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mamfested m soclehes. economes. pohtrcal systems and mrlimes--wtuch seems Just as 

mexorable as the mcrease m entropy and disorder (the second law of thermodynamics) lo 

Coinplexxty theory deals wrth systems that are large collections of mteractmg agents Lrke 

chaohc systems. these systems show complex structures in trme or space, often h&ng 

smiple detemtrc rules In recent years. complexity theory has been apphed to a wrde 

varrety of physical science disciplines, m&ding mechamcal, elecmcal, chemtcal. marme 

and aeronautlcal engmeermg, physics, astrophysics, and physical chemrstry Moreover, 

complexny models and paradrgms have been used in developmental biology, ecology, 

neurology. and physrology, as well as econonncs and the social scrences. Complex systems 

are held to exrst withm cultural, socnal, pohtrcal. and economrc spheres of human society 

Despite therr diversity, complex systems share certam fundamental behavrors. 

lZmxgm&behavlor Interactrons among agents in complex systems may lead to 

emergmg global (or system-wrde) propertres that are very drfferent from the behaviors of 

mdivtdual agents These properties. whrch cannot be predicted Tom poor knowledge of 

the agents. m turn affect the envrronment that each agent perceives. miluencmg its 

behavior m a synergrstrc feedback loop Thus the “whole” of a complex system IS 

somethmg greater than the sum of Its parts, and analysis of complex systems requrres a 

holistic approach 

&q&ye-se&r Complex systems tend to adapt to then environments 

and to self-orgamze Rather than tendmg toward disorder. or entropy, complex adaptive 

systems spontaneously crystalhze mto more hlghiy ordered states. rn contrast to weakly 

mteractmg systems isolated from an envrronment out of whrch they can draw energy (and 

thus counterporse the second law of thermodynarmcs) 
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a Evooiutton to the ew All dynamrc systems exrst m one of three regimes 

a stable regnne. m whrch disturbances tend to die out. a chaotic relrpne (the provmce of 

chaos theory). and the boundary or phase transmon between stab&y and chaos. Whereas 

mcreasmg drsturbances m the envrronment cause some systems to move from stab&y to 

chaos. complex systems leam from then. envtronments and add new Cmcttons to cope wrth 

prevrously unknown condihons Thus they mcrease then. complexrty and adapt along the 

edge of chaos According to complextty theorrsts. the same type of growth in complexrty 

occurs m b~ologtcal systems, man-made systems such as Jet engines and microprocessors. 

as well as societies and econormes. 

m Finally, complex systems exhibzt the abdity to process 

mformatlon sensed f?om then envrronment and react to rt based on mtemahzed models. 

Information processmg 1s closely related to a system’s abtlity to learn and adapt near the 

edge of chaos i 1 

Ltke chaos theory, complexny theory has made major strrdes through computer modeling 

and SmUlahOn techmques -Models and approaches such as cellular automata. artt&ral 

Me, and neural networks have greatly altered sclentlfic appreciation of how complex 

systems evolve m turbulent envuonments. The essetmal contr&nhon of these and other 

novel techniques 1s therr abthty to generate rrch patterns of behavtor from sets of 

relatively simple underlymg rules The emergent propertres of a complex. adaptive system 

are not due to a central control mechamsm or overarchmg equation but to the fundamental 

bottom-up rules govermng the mteracttons of the agents or components m a system 

Ltke chaos theory. compkvny theory also has Its cntrcs Among the problems wrth the 

theor! IS a lack of agreement on what constitutes a “complex” system One researcher 
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recently compiled a list of 3 1 dBerent ways that complexity has been defined In addmon. 

complexrty theory often 1s unclear about what constitutes a “system” a longstandmg issue 

m the socral sciences. where the term “system” 1s applied indiscriminately to a commumty, 

a society. an economy, a busmess corporatron. an army, etc Some leading proponents of 

complexrty theory also have been taken to task for assertrng grandly that thrs scientific 

paradigm will lead to a unified way of lookrng at nature, brologrcal phenomena, human 

social behavior. and the evolution of life and the universe nself One should remarn 

appropnately skeptIcal of whether complexrty theonsts are any more hkely to succeed 

than chaos theorists or other screntists-for example, quantum physicists--m creatmg a 

grand theory Moreover, as a recent cnhque suggested, complexity theory is open to the 

charge of bemg based on a seductrve syllogism: There are snnple sets of mathematrcal 

rules that. when followed by a computer, give me to extremely comphcated patterns. The 

world also contams many extremely complicated patterns It does not necessarrly follow. 

however, that simple rules therefore underlie many extremely complicated phenomena in 

the world. I2 

These crrtrcrsm’s and the overblown clarms of some complexity enthusiasts 

notwithstandmg, insights drawn from complexny theory are berng applred profitably to a 

wade and growing variety of diicrplines Not surprrsingly, complexrty theory is bemg 

employed m nxhtary and natlonal secunty analysts One major area is targetmg 

methodologies A recent study by an Air Force analyst. for example. argues that vlewrng 

an enemy economy as a complex adaptive system reveals mterconnectivmes that go far 

beyond the bottlenecks and choke pomts sought by previous an- targetmg planners- 

Accordmg to this study, while engrneermg and nodal analyses are begrnmng to appear 111 

mllttary wrrtmgs. they address only a smgle element of the economy, such as the electric 

power or telecommunications networks What IS still needed IS a method that allows 

analysis ot multiple economic elements and preserves the complex mterconnectlons among 
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the& Computer models such as genetic algomhms may be pamcularly suulted for tins krnd 

of targetmg process, where the overall effects of attackrng an enemy’s economrc 

mf?astructure cannot be guessed a pnon I3 

Complexrty theory may hold its potentially most profound nnplications for the mrhtary in 

the area of command and control. In a recent revrew of prrze-wmmng essays on the 

Revolution rn -mtary Affarrs. Andrew Marshall observes that the cmical aspects of future 

warfare “may center less on tangble platforms than on concepts--espec&iy those related 

to command and control, wtuch are acult to envrsion, modeL and simuiate.“i4 

Compiemty theory-m part~ular, the nOhOn that ditanes can be thou&t of as compIex, 

adaptive systems seekrng to thnve m the competnrve, chaotic envrronment of warfare-lies 

behmd a growmg debate over what kind of command and control systems are hkely to 

prove most effective rn &ture wars. 

Implications for Command and Control 

Complexny theory suggests that one should look beyond the advantages of “dominant 

battlefield awareness” expected to accrue from the mrlitary’s rncorporatron of new 

rnformatron technologres and consider the ruies iikeiy to govern the rnteractron of system 

elements (defined m terms of rndrvrduais. combat umts. or weapon platforms). Thus. the 

Army’s Force XXI drgrtrzed battlefield concept can be vrewed as an effort to take f3i 

advantage of mformatton processrng capabthtes to provide more dynarmc and proactive 

top-down command and control by drrectlon. The “System of Systems” effort advocated 

by \‘tce Chanman of the Jornt Chiefs of Staff Admrral Owens also has the potential to be 

used as a vehrcie for enhancmg centrahzed command and control through mcreasmgly 

syncbronlzed and snnultaneous operations at the strategic and operational leveis I5 
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in contrast to these concepts. the Marme Corps’ Sea Dragon rmttatrve envrstons a radically 

new. decentrahzed system of command and control Hahmarks of thts concept are 

command by mIluence through mtssion orders. reliance on the rmtiattve of subordtnates 

based on local smrattonal awareness. and more self-contamed umts capable of semr- 

autonomous action on a drstriiuted battlefield. l6 If the mrhtary orgamzatlons are stewed 

as complex systems. complexity theory suggests they are most hkely to succeed at 

learmng and adaptmg to a turbulent envrronment when there 1s a free flow of mformatlon 

among system components that rnteract accordmg to relahvey srmple, bottom-up rules. 

They are less likely to be effectrve at learnmg and adaptmg to a chaotic envtronment when 

therr behavtor 1s governed by top-down rules. Thus the nnphcahons of complextty theory 

are that many advantages of “Infbrmatron Age” warfare wrll be lost if dormation 

technologtes are employed rn efforts to enhance centrahzed command and control rather 

than to enable a more decentralized system of command and control 

Implications for Strategic Planning 

Complexity theory also holds rmportant nnphcatrons for mthtary and national securrty 

strategrc planmng Andrew Marshall’s comments on the current state of the debate over 

the Revoiutron tn Mrhtary A&n-s notes that. whtle there appears to be a growmg 

consensus that major changes tn warfare are underway. a coherent vtston of how warfare 

tmght look by the year 2015 and beyond seems lacking-t’ Tins lack of a coherent vrston IS 

unsurprtsmg given prevathng uncertarnttes over the future kinds of threats and 

opportumtres the Umted States 1s likely to face over the next several decades The lack of 

consensus 1s perhaps bolstered by chaos and complextty theortes. wnh then- stress on a 

nonhnear. unpredictable future Complevlty theory also suggests that predrctmg the long- 

term future IS less important for a complex system to survwe than IS mamtalmng the ablhty -* 

learn and adapt to a rapidly changm; and largely unpredictable envu-onment Management 
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analysts who have applied comple,xny theory methodologies have identified set era1 

charactemtlcs that appear to produce the most successful self-learmng orgamzatlons 

mmkal process specticatlon Tom the top down, coupled with latitude to experunent. 

flexible orgamzational arcktectures. and permeable orgamzahonal bound;ures. 1 8 The 

imphcatzon IS the most nnportant aspect of the Revolution m Ml&y AEars may lie in the 

m&q’s aMt$create and enhance the conditrons for contmumg adaptation to an 

amhguous. unprtictable long-term future 
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